
EVIDENCE-BASED CASE REVIEWS

Management of short stature

.........................................................................................................

A 12-year-old girl is brought in by her mother,

who is concerned because her daughter is short

even compared with other family members. She

estimates that her daughter has grown less than

3 cm (∼1 in) in the past year and asks if she

should receive growth hormone—a treatment

that was recently mentioned in a newspaper

article. The girl has no significant past medical

illness or family history of disease that might be

associated with short stature and is free of

symptoms. She is a good student and has not

been subjected to physical or verbal bullying at

school. Her father is 170 cm (5 ft 10 in) tall (10th

percentile for a man), and her mother is 160 cm (5

ft 3 in) tall (25th percentile for a woman). Neither

was a “late bloomer.” On physical examination,

the prepubertal girl has no signs of disease. Her

height is 133 cm (4 ft 4 in) (<5th percentile for

age), and her weight is 35 kg (77 lb) (25th

percentile).

.........................................................................................................

BACKGROUND

Short stature is not a disease but a statistically defined
height threshold. Some children with short stature are
healthy, some have a medical condition known to be as-
sociated with short stature, and in some, short stature is
the result of an undiagnosed illness. Parents and children
who consult a physician about short stature may be con-
cerned about either the possibility of an underlying disease
or perceived social discrimination because of short stature,
including teasing or bullying in school or decreased future
socioeconomic success.1 In the past 15 years, the manipu-
lation of human stature has become an area of intense
biologic and psychological research, controversial clinical
practice, substantial commercial interest, and important
ethical debate.2,3

Growth assessment requires accurate measurements of
height and weight over time, the measurement of parental
height, pubertal staging, and the selection of appropriate
group reference standards.4-6 The definition of short stat-
ure has varied with time and place. On some growth
charts, short stature is defined as a height of less than the
fifth percentile for age. On others, it is defined as the lower
limit of normal for height at the 3rd and even the 0.4th
percentile for age.7,8 To measure height, it is essential to
use a stable wall-mounted device that has been accurately

installed and is regularly calibrated and to ensure that
trained personnel correctly position the patient. Repeating
the measurement reduces error. The height should be re-
corded and plotted on a growth chart. Height velocity is
obtained by taking two accurate height measurements at
least 6 months apart and comparing with standard height-
velocity data. Parental heights may be used to estimate a
target height percentile. The final height range can be
estimated by taking the average of the heights of the bio-
logic parents, adding 6.5 cm (2.5 in) if the patient is male
or subtracting 6.5 cm if the patient is female, and drawing
a target range around this point on the growth chart to
represent plus or minus 10 cm (4 in). When needed,
radiographic bone age should be determined by a specialist
in the technique.

FORMULATING CLINICAL QUESTIONS

Several questions need to be answered before the appro-
priate diagnostic workup and the need for interventions to
increase height are chosen. You frame your questions to
help structure a search of the literature.

Summary points

• Assessment for short stature requires accurate height
measurements, taken serially and compared with
population-appropriate height and height-velocity
standards

• Short stature is most commonly familial or due to
constitutional growth delay or a combination of both

• Short stature may rarely (in <5% of the shortest 1.3%
of children) be associated with a serious underlying
medical condition; treatable conditions need to be
diagnosed early

• Short stature in childhood and adolescence is not
usually associated with psychological disability,
although bullying or babying and child or parental
concerns about decreased adult socioeconomic
success have been reported

• The use of human growth hormone to increase adult
height in short but otherwise healthy children without
growth hormone deficiency is controversial, and
evidence regarding its effectiveness is extremely limited

• Future research should be directed at evaluating
which diagnostic tests are valuable in assessing
children with short stature, understanding the
physical and psychosocial concerns of specific groups
with short stature and the ethical implications of
attempting to increase adult height, and testing
proposed therapeutic interventions such as human
growth hormone by controlled trials with well-defined
clinical outcomes (eg, final adult height)
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• In children (population) presenting with short stature
(exposure), what is the frequency of an underlying
medical disorder (outcome)? [baseline risk]

• Is short stature (exposure) during childhood (popula-
tion) associated with psychological disability (out-
come)? [harm]

• In children (population) with short stature but with-
out underlying disease (exposure), does growth hor-
mone supplementation (intervention) increase adult
height (outcome)? [therapy]

General approach to searching for evidence

You first look for summarized evidence, such as high-
quality systematic reviews and evidence-based guidelines,
to answer your questions. Issue 5 of the British publica-
tion, Clinical Evidence, has nothing on short stature. The
Cochrane Library’s Database of Systematic Reviews contains
a recent review of the use of growth hormone in children
with chronic renal failure but no reviews of its use in other
conditions.9 The Cochrane Clinical Trials Register lists nu-
merous studies of the use of growth hormone in various
conditions associated with short stature, including Turner
syndrome, idiopathic short stature, growth hormone de-
ficiency, Prader-Willi syndrome, and intrauterine growth
retardation. You also search MEDLINE through
WinSPIRS and PubMed’s Clinical Queries feature (box 1).

CRITICAL REVIEW OF THE EVIDENCE

Frequency of underlying medical disorder in

short stature

Between 1985 and 1987, the Wessex Growth Study in-
vestigators attempted to measure all children at 5 years of
age (school entry) in two adjacent health districts in Wes-
sex, England.10 Those detected by the nurses to have short

stature (height <3rd percentile according to the Tanner-
Whitehouse standards) had thyroid function and blood
chemistry tests and bone age estimates, with referral to a
specialist pediatrician if the results were abnormal. This
cross-sectional study fulfills the validity criteria for a study
of disease probability, as reviewed by Richardson and col-
leagues.11 The study patients are representative of the full
spectrum of those who would be seen in primary care, the
diagnostic workup was fairly comprehensive and consis-
tently applied, and undiagnosed patients were observed for
an additional year. Thus, the data from this study should
be applicable to groups in developed countries even 15
years later.

In total, 14,346 children were screened, and 180
(1.3%) were found to have short stature. Of these 180
children, 25 were known to have a known diagnosis con-
sistent with short stature, such as trisomy 21, hypochon-
droplasia, Turner syndrome, Russell-Silver syndrome,
celiac disease, or conditions with severe skeletal malforma-
tion. Five children belonged to ethnic groups for which
the growth standards were deemed inappropriate, and
three families declined to participate in the study. Eight
children were diagnosed with an underlying disease as a
result of the screening program, including Noonan syn-
drome, hypothyroidism, celiac disease, lead poisoning,
neurofibromatosis, and growth hormone deficiency. The

Box 1 Search strategy: MEDLINE

Question 1

MEDLINE, using WinSPIRS 4.0: Body-height, all
subheadings AND mass screening, all subheadings

Question 2

• PubMed Clinical Query, search term: short stature;

category: prognosis; emphasis: specificity

• PubMed Clinical Query, search term: short stature AND

psychol*; category: etiology; emphasis: specificity

Question 3

• PubMed Clinical Query, search term: short stature AND
growth hormone; category: therapy; emphasis:

specificity

• MEDLINE search term: exp [expand] growth
hormone/all subheadings AND randomized controlled
trials (textword)
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remaining 139 healthy children with short stature were
observed for 1 year to confirm that they had normal
height velocity. In this large study, about 18% of children
identified to have short stature at school entry were found
to have an underlying medical condition that was previ-
ously undiagnosed in about 5% (95% confidence interval
[CI], 0%-14%).

Growth hormone deficiency was not well studied in
the Wessex study, so you look at the study of the preva-
lence of growth hormone deficiency by Xiu-lan and asso-
ciates.12 This study also fulfills the validity criteria of Ri-
chardson et al.11 School physicians measured all 103,753
students aged 6 to 15 years in two districts of Beijing. The
202 children confirmed to have short stature (<3rd per-
centile for age by northern Chinese standards but less than
the 0.2 percentile for the Beijing population) were com-
prehensively evaluated. Of these children, only 13 (6% of
those with short stature) were diagnosed as having medical
conditions other than growth hormone deficiency. Using
a strict definition of growth hormone deficiency, seven
children with height below the 0.2 percentile were found
to have “total” growth hormone deficiency—a prevalence
of 1 per 15,000, or 3.5% (95% CI, 1.0%-6.4%).13

Finally, you create a list of conditions, including rare
diseases, that may cause short stature and are important to
diagnose because of their severe prognosis or potential for
treatment (see box 2), using your textbook as a second
source. Common variants of normal that may present
with short stature are clinically defined by normal height
velocities in mid-childhood and either delayed bone age
(for constitutional delay) or short parents (for familial

short stature), or a combination of both. Sensitive and
specific tests are available to diagnose some of the rarer
causes of short stature: for example, thyrotropin level for
primary hypothyroidism and karyotype for Turner syn-
drome. For other conditions (such as gastrointestinal dis-
eases), the specific tests are invasive. You find no concise
summary of evidence on the diagnostic properties of tests
for disorders that cause short stature.

Short stature in childhood and

psychological disability

The first search through PubMed (prognosis of short stat-
ure) yields one review article that concludes that “short
stature is not associated with clinically significant psycho-
logic morbidity.”14 The second search (on short stature as
a cause of psychological problems) yields only one primary
article.15 The authors tested the hypothesis that referral
bias had influenced an earlier study finding that children
with short stature were academically and socially handi-
capped. Random samples of children with and without
short stature were recruited in parallel from the public
school system and from pediatric endocrinology specialty
clinics. The average age of each group was between 9 and
10 years. A battery of psychosocial tests was used, includ-
ing tests for intelligence and educational achievement
(completed by the children), family cohesion and adapt-
ability (completed by the parents), and adaptive problem-
atic behavior (completed by the teacher). Comparison
groups were clearly defined and measured for height and
psychosocial state independently and consistently and at a
relevant age. The community-based participants were ran-
domly selected from the group, and there were no obvious
confounders. However, the group numbers were small
(about 30 per group), and issues of sample size, power,
and properties of the measurement scales were not ad-
dressed in the article. The authors found that the short
children who were referred to specialists had more exter-
nalizing behavioral problems and poorer social skills than
those with normal stature. No differences were found be-
tween community participants with and without short
stature, so the criteria for assessing harm (causation) could
not be applied.16

Role of growth hormone in short children with no

underlying disease

The search through PubMed finds only one article that
describes a recent randomized trial on the use of growth
hormone, but with no results on final height available.17

The other search of MEDLINE yields one systematic re-
view, performed 10 years after the introduction of biosyn-
thetic human growth hormone, which identifies random-
ized controlled trials (RCTs) and their limitations.18 Only
five RCTs on the use of interventions in healthy children
were listed: four studies of human growth hormone and

Box 2 Causes of short stature

Common causes*
• Familial short stature
• Constitutional delay of growth and puberty
• A combination of the 2

Rarer causes
Genetic syndromes
• Turner syndrome
• Hypochondroplasia
• Russell-Silver syndrome
• Intrauterine growth retardation with failure to “catch up”

Gastrointestinal disease
• Celiac disease
• Inflammatory bowel disease

Endocrine disease
• Acquired primary hypothyroidism
• Growth hormone deficiency
• Steroid-induced growth failure
• Pseudohypoparathyroidism

Renal disease
• Renal failure
• Renal tubular acidosis

*No underlying disease is found in >95% of short children.
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one study of gonadotropin-releasing hormone. Of these
five, only one has published adult height results.19 Two
trials have examined the use of human growth hormone in
patients with Turner syndrome, one of which published
results in abstract form only. No published trials to adult
height in patients with any other diagnosis are available.

The article by McCaughey and colleagues is the only
RCT of the use of growth hormone to increase adult
height in healthy short children.19 This study recruited 18
girls (mean age, 8.0 years) of 40 eligible from the Wessex
Growth Study. Of these 18, data were available on the 13
who completed the trial (7 treated subjects and 6 control
subjects). The mean duration of treatment was 6.2 years.
The trial initially used randomization to create two
groups; however, the loss of 5 (28%) of the 18 subjects
could have influenced results. The adult height difference
between groups was 7.5 cm (3 in). All seven treated sub-
jects had heights within their target range, but only 3 of 6
control subjects had heights within the target range.
Hence, two patients would need to be treated (number
needed to treat = 2) to result in one additional child reach-
ing the target height (95% CI, 1-10). There are three sta-
tistical concerns with adopting this evidence: this is the only
published RCT of its kind; the sample size is small, leading
to large CIs; and the original study recruited both boys and
girls, who may have different responses to therapy. The
study needs to be replicated to confirm its results.

.........................................................................................................

From the history taking and findings of the physical

examination, you are able to reassure the child and

her mother that nothing suggests that the child has

an underlying disease that might be associated

with short stature. She has no evidence of

psychological difficulties associated with her short

stature, and you reassure them that such difficulties

are uncommon in otherwise healthy children. The

child is shorter than expected, based on the

parents’ heights, and because themother reports

poor linear growth, you obtain bone age

radiographs. You do some screening tests to

exclude rare causes of short stature that would be

important to treat—hypothyroidism, Turner

syndrome, inflammatory bowel disease, renal

failure or renal tubular acidosis, and

hypoparathyroidism. The bone age is delayed, but

the blood test values are normal. You explain that

constitutional growth delay is themost likely cause

of the girl’s short stature andmake an appointment

for 6 months later to measure height, calculate

height velocity, and assess pubertal status. If the

patient has an abnormal height velocity, specialist

referral will be necessary to assess for acquired

growth hormone deficiency and, if growth hormone

deficiency is present, to arrange imaging to exclude

a central nervous system tumor. You explain to the

family that there is insufficient evidence to justify

the use of growth hormone in healthy children who

do not have growth hormone deficiency or another

underlyingmedical condition.

.........................................................................................................

Articles in this series are based on chapters from Moyer VA, Elliott EJ,
Davis RL, et al. Evidence Based Pediatrics and Child Health. London:
BMJ Books; 2000.

....................................................................................................

References

1 Sandberg DE. Should short children who are not deficient in growth
hormone be treated? West J Med 2000;172:186-189.

2 American Academy of Pediatrics Committee on Drugs and Committee
on Bioethics. Considerations related to the use of recombinant human
growth hormone in children. Pediatrics 1997;99:122-129.

3 Parens E. Is better always good? The Enhancement Project. Hastings
Cent Rep 1998;28:S1-S17.

4 Tanner J. Auxology. In: Kappy MS, Blizzard RM, Migeon CJ, eds. The
Diagnosis and Treatment of Endocrine Disorders in Childhood and
Adolescence. 4th ed. Springfield, IL: Charles C Thomas; 1994:137-192.

5 Hall DMB, ed. Health for All Children: Report of the Third Joint
Working Party on Child Health Surveillance. 3rd ed. New York, NY:
Oxford University Press; 1996.

6 Goldbloom RB, ed. Pediatric Clinical Skills. 2nd ed. New York, NY:
Churchill Livingstone; 1997.

7 Centers for Disease Control and Prevention, National Center for
Health Statistics. National Health and Nutrition Examination Survey:
clinical growth charts [last reviewed January 17, 2002]. Available at
www.cdc.gov/nchs/about/major/nhanes/growthcharts/
clinical_charts.htm. Accessed March 3, 2002.

8 Freeman JV, Cole TJ, Chinn S, Jones PRM, White EM, Preece MA.
Cross sectional stature and weight reference curves for the UK, 1990.
Arch Dis Child 1995;73:17-24.

9 Vimalachandra D, Craig JC, Cowell CT, Knight JF. Growth hormone
treatment in children with chronic renal failure: a meta-analysis of
randomized controlled trials. J Pediatr 2001;139:560-567.

10 Voss LD, Mulligan J, Betts PR, Wilkin TJ. Poor growth in school
entrants as an index of organic disease: the Wessex Growth Study. BMJ
1992;305:1400-1402.

11 Richardson WS, Wilson MC, Guyatt GH, Cook DJ, Nishikawa J, for
the Evidence-Based Medicine Working Group. Users’ guide to the
medical literature: XV, how to use an article about disease probability
for differential diagnosis. JAMA 1999;281:1214-1219.

12 Xiu-lan B, Yi-fan S, Yong-chang D, Rong L, Jie-ying D, Su-min G.
Prevalence of growth hormone deficiency of children in Beijing. Chin
Med J 1992;105:401-405.

13 Taback SP, Dean HJ. Mortality in Canadian children with growth
hormone (GH) deficiency receiving GH therapy 1967-1992: the
Canadian Growth Hormone Advisory Committee. J Clin Endocrinol
Metab 1996;81:1693-1696.

14 Guyda HJ. Growth hormone therapy for non-growth hormone-deficient
children with short stature. Curr Opin Pediatr 1998;10:416-421.

15 Kranzler JH, Rosenbloom AL, Proctor B, Diamond FB Jr, Watson M.
Is short stature a handicap? A comparison of the psychosocial
functioning of referred and nonreferred children with normal short
stature and children with normal stature. J Pediatr 2000;136:96-102.

16 Raina P, Turcotte K. Assessing harm and causation. In: Moyer VA, ed.
Evidence Based Pediatrics and Child Health. London, UK: BMJ Books;
2000:46-55.

17 Leschek E, Troendle JF, Yanovski JA, et al. Effect of growth hormone
treatment on testicular function, puberty, and adrenarche in boys with
non-growth hormone-deficient short stature: a randomized,
double-blind, placebo-controlled trial. J Pediatr 2001;138:406-410.

18 Taback SP, Van Vliet G, Guyda H. Pharmacological manipulation of
height: qualitative review of study populations and designs. Clin Invest
Med 1999;22:53-59.

19 McCaughey ES, Mulligan J, Voss LD, Betts PR. Randomised trial of
growth hormone in short normal girls. Lancet 1998;351:940-944.

..................................

Best Practice

172 wjm Volume 176 May 2002 www.ewjm.com




